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Introduction
Molecular ecology is an increasingly important and complementary part of classical ecological studies because molecular techniques offer elegant approaches to improve our understanding of the ecology of a species that is difficult to achieve in the field by other methods (Sunnucks 2000) . Such information could be vital when it comes to actively manage a species facing an 5 impending threat of extinction. However, population genetic analysis is subject to the availability of tools that offer sufficient resolution to answer the questions being addressed. In addition, support for management decisions needs to have enough time and resources available to properly develop the best means to carry out these tasks. Here, we provide a guide on how to condense the selection process when choosing suitable markers for population genetic Quantifying genetic changes and the consequences of catastrophic population decline is important in any conservation study, and there are two variables that affect our capacity to detect this with reasonable statistical power. One is a sufficient sample size, and the other is 20 using a sufficient number of independent loci to make a meaningful inference from the samples available at the time of investigation. The trade-off is that employing a high number of loci may overcome the lack of large sample size, which is often the case in wildlife studies because of practical or financial limitations, a combination of both or, in some instances, simply only a small wild population can be sampled for genetic analysis. Microsatellite loci have been 25 recognised as a useful genetic marker for common conservation genetic applications (Sunnucks 2000) , either on their own or coupled with other genetic markers such as mitochondrial DNA.
The development of novel primers involves substantial resources and financial costs although recent innovation in molecular technology, such as high-throughput sequencing technologies, substantially reduced these requirements compared with former methods (Abdelkrim et al. 2009 ). However, in the case of rapidly declining taxa, where management requires a fast 5 response (e.g. with B. penicillata), then the simplest immediate measure remains the use of existing and proven polymorphic markers. All available data suggest that using a large number of polymorphic markers is best for cross-species work (e.g. Zenger et al. 2003; Donaldson and Vercoe 2008) . As such, we chose 32 of the most polymorphic loci from a broad range of macropodoid species, including all published markers developed in the Potoroidae, Petrogale 10 xanthopus (yellow-footed rock-wallaby) and P. assimilis (allied rock-wallaby), and owing to practical limitations, only a subset of primer pairs developed for Macropus species.
Additionally, the potential hidden presence of null alleles may require careful evaluation by the researchers (Dakin and Avise 2004) . To our knowledge, Zenger et al (2003) is the only published study to describe cross-species use of microsatellite primers in macropodoids, but it 15 provided insufficient information about the potential of those primers to be used in bettongs and potoroos. In fact, only three primer sets, sourced by B. tropica, were tested in Macropus eugenii (tammar wallaby), and none from Potorous. This issue was partly addressed by Donaldson and Vercoe (2008) who found no relationship between amplification success and genetic measure of evolutionary distance but it is likely that (as the authors acknowledge) the 20 lack of correlation was due to the small number of loci tested. Additionally, they did not quantify the evolutionary distance among the species they tested, but considered equally distant genera within the same family, and families within the superfamily Macropodoidea. Moreover, most studies have utilised fewer than 10 loci. These observations call for a better understanding of cross-species use of microsatellite primers in potoroids and our aim is that this study will 25 facilitate future ecological and genetic investigations in bettongs and potoroos.
Materials and methods

Samples collection and DNA extraction
A total of 102 (presumably) unrelated adult B. penicillata were trapped using standard techniques in the Upper Warren region of the south-west of Western Australia (~34°9'S,
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116°19'E). Pouch young were excluded from any analysis. Skin biopsies were taken and preserved in 70% Ethanol. DNA was extracted using a modified high-salt method (Miller et al. 1988 ) and the resulting DNA pellet was resuspended in 1 × TE (50 mM Tris-base, 20 mM EDTA) at a final DNA concentration of ~50 ng µl -1 .
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Amplification of microsatellites
Thirty two primer pairs (originally developed for different macropodoid species; Table 1 ) were synthesised (Integrated DNA Technologies, Coralville, IA, USA) with a M13 tag (Schuelke 2000) and tested to assess their suitability using two different B. penicillata DNA extractions.
PCRs (25µL) were conducted in 1 × Reaction Buffer (Biotech), 1.5 mM MgCl 2 , 0.1 mM reactions that generated a visible product, with either of the two samples, on a 3% agarose gel were optimised further using a temperature gradient (from 47 to 62°C). The two temperatures that generated the most intense product on 3% agarose gel were used as annealing temperature to test for polymorphism and reproducibility using the M13 method described by Schuelke (2000) with eight adult B. penicillata DNA extractions using the following condition: 1 ×
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M13 primer, 0.08 µM of forward primer, 0.16 µM of reverse primer, 0. Primer pairs that amplified polymorphic loci were fluorescently labelled (APPENDIX I)
without the M13 tag. The reactions were then used in multiplex combinations (except for loci Pa593 and Y151 which were amplified using a single-plex approach, APPENDIX I) to score 10 102 adult B. penicillata samples. DNA fragment analysis was carried out using a 5-dye system on an Applied Biosystems 3730 DNA Analyser (ABI systems, Melbourne). PCR product sizes were determined by co-running a size standard (Genescan ™ -500 LIZ ™ ; Applied Biosystems, Melbourne) and fragments were scored with the aid of GeneMarker Software (SoftGenetics).
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Genetic and Statistical analysis
Genotypic data was initially manipulated using Microsoft® Excel 2002 SP3 (Microsoft Corporation 1985 -2001 . Quality of the data and early detection of null-alleles and allele dropout was screened with MICRO-CHECKER (Van Oosterhout et al. 2004) . Descriptive statistics, including the number of alleles (N A ) and expected heterozygosity (H E ) was calculated using 20 GENALEX 6.2 (Peakall and Smouse 2006) . We also calculated the Mean Fragment Length (MFL) and the allelic diversity ratio (a ratio of the number of alleles amplified in B. penicillata relative to the number of alleles in the source species), to measure the level of polymorphism, using Excel and, following Zenger et al. (2003) , compared these parameters with the source species as reported in Luikart et al. (1997) and Zenger et al. (2001a; , with the non- 
Results
The microsatellite primers produced a PCR product for 25 (78%) of the 32 pairs tested, and 40% of loci were polymorphic when tested with the B. penicillata (Table 1) . Null alleles were 15 not detected. The average mean fragment length, number of alleles and expected heterozygosity
were not significantly different in B. penicillata when compared with the source species ( Table   2 ). The effect size was between medium and large (r=0.35-0.67), except for the MFL comparison with P. xanthopus (r=0.08), and it may have reduced the statistical power of these tests (Cohen 1988) . The average N A derived from primers developed for P. xanthopus (P= 20 0.043) was the only significantly different. This appears to be due to a single locus (Y151).
When Y151 was removed, the difference was no longer significant (P=0.68). Size ranges overlapped with the source species. However, it was somewhat surprising that the locus Y151
showed large size variation compared with the source species, P. xanthopus. The percentage of loci that were polymorphic was inversely proportional to evolutionary distance (R 2 =0.627,
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P=0.034) (Fig. 1) while no relationship was evident when comparing the level of polymorphism (measured as allelic diversity ratio; R 2 = 0.052, P>0.05).
Discussion
This study demonstrated that from a total of 32 polymorphic macropodoid markers, 12 primer 5 pairs were useful to quantify important population changes in a declining potoroid species. All 12 loci were highly polymorphic, making them extremely useful for conservation genetics purposes. The success of cross-species microsatellite amplification appeared to be inversely proportional to the genetic distance although it did not follow taxonomic organisation, as referred by Donaldson and Vercoe (2008) , because genera within the same family and families Cross-species performances (as measured by allelic diversity ratio) showed a lack of linear decrease, in contrast to the report by Zenger et al. (2003) . However, the limited number of polymorphic loci amplified using primer pairs developed for Macropus species may have reduced the resolution of this analysis. Additionally, the high level of polymorphism in B. 25 penicillata could have been influenced by the recent demographic history of the population. In fact, the B. penicillata population in Upper Warren had (in the last 20 years) a relatively large census size (Start et al. 1998; Mawson 2004; Orell 2004; Wyre 2004 ) as a consequence of foxcontrol measures. This may have helped to prevent localised loss of rare alleles and to maintain a relatively high level of genetic variability. Equally, demographic histories of source species may have influenced their levels of genetic diversity. For example, the geographical extent of 5 naturally occurring populations of the endangered P. longipes is limited (Luikart et al. 1997) , potentially causing a lower genetic diversity than would be otherwise expected.
We believe that this study provides important information for those who are intending to investigate genetic profiles in bettongs and potoroos.
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We identify several practical suggestions that arose from this study, some of which may aid those considering similar work.
1. The use of M13-tags (Schuelke 2000) dramatically reduced the cost of testing a large number of markers.
2. We believe that the 12 markers that worked in B. penicillata are highly likely to be 15 universally applicable in closely related species.
3. From our (limited) data it is suggested that there is a 50% reduction in amplification success of polymorphic loci for every 1 million years of evolutionary distance from taxa.
4. We would recommend using markers from the closest available taxa as a first choice. 6. Primers that have produced a product may be used as a starting point to generate species-specific primers without the necessity to continue with the resources required 25 to build an entire species-specific genomic library or purchase expensive new technologies. The products could then be sequenced and the flanking regions could be redesigned giving rise to more efficient primers.
Figures and Tables
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Figure 1
Amplification success of polymorphic microsatellite loci in woylies (Bettongia penicillata). The X-axis displays evolutionary distance from B. penicillata based on percentage cytochrome b pairwise divergence (see Materials and Methods).
10 Table 1 Details of the microsatellite loci tested with woylie (Bettongia penicillata) DNA extractions. Species are listed in increasing evolutionary distance from B.
penicillata. GenBank = Genbank accession number; Yes/No, indicates that a PCR product was/wasn't produced. Percentages describe the proportion of loci 15 that amplified and were polymorphic within each species, respectively. Table 1 Details of the microsatellite loci tested with woylie (Bettongia penicillata) DNA extractions. Species are listed in increasing evolutionary distance from B. penicillata. GenBank = Genbank accession number; Yes/No, indicates that a PCR product was/wasn't produced. Percentages describe the proportion of loci that amplified and were polymorphic within each species, respectively. Figure 1 
